Abstract-Introducing a class of metamaterial, labeled as wave-guiding anisotropic media, it shown that given impedance boundary conditions can be exactly realized by a slab of such a material when backed by a PEC plane. An analytic relation is derived between the surface admittance dyadic of the boundary and the parameters of the material slab and verified with non-trivial special cases of the theory.
The admittance dyadic is two-dimensional satisfying n · Y s = Y s · n = 0.
The IBC is required to make the solution of an electromagnetic boundary-value problem unique. Physically, IBCs are generally approximate when they replace real interface conditions at a surface separating two regions. Mathematically IBCs make the problem easier to handle in restricting the region of solution to one side of the surface, only.
The basic form of the IBC with scalar surface impedance was introduced by Shchukin and Leontovich in the 1940's [1] . Its use in solving electromagnetic problems is, however, limited when applied to physical interface problems. Basically, to be exact, Shchukin-Leontovich IBC requires that the field be constant along the boundary. For a planar boundary this is satisfied for a normally incident plane wave, while for oblique incidence the IBC introduces some error. During the last couple of decades, modifications to the basic IBC have been made by treating the surface impedance as an operator. Taking care of the lowest-order derivatives of the field along the boundary surface, numerical procedures based on the generalized IBC have been generated.
In contrast to the view that IBC's are approximative in nature one can point out that there exist problems where the IBC is exact. Of course it is known that a PEC obstacle can be exactly represented by the surface impedance Z s = 0 and the PMC obstacle by the surface admittance Y s = 0. Also, certain tuned corrugated structures can be represented by an impedance dyadic with zero and infinite components along two orthogonal directions on the surface, as the soft-and-hard surface. Actually these correspond to physical realizations for some special cases of the impedance surface. An idea on how to construct a realization for the general surface admittance dyadic Y s was obtained when a realization for another special case, the perfect electromagnetic (PEMC) boundary, was recently found [2, 3] . The realization was based on a certain metamaterial, labeled as gyrotropic wave-guiding medium.
In the present case the wave-guiding medium is defined more generally as an anisotropic medium with permittivity and permeability dyadics consisting of components normal and transverse to the guiding z axis,
The dimensionless dyadics t and µ t are two-dimensional, u z · t = t ·u z = 0, u z ·µ t = µ t ·u z = 0 and assumed to possess two-dimensional inverses. The axial parameters are assumed to grow without limit, z → ∞, µ z → ∞. Considering a field of the form
where E and H are the amplitude vectors and f (ρ) is a function of the transverse position vector ρ = u x x + u y y, one can show that the propagation factor β of the field is independent of its transverse distribution f (ρ). Also, the axial field components vanish,
whence the field is TEM with respect to the axial direction u z . There is no restriction to the transverse function f (ρ) by the Maxwell equations. Since the field propagates along the z coordinate in the medium like a wave in parallel waveguides with no interaction between them, the medium is called the wave-guiding medium. In the paper it is shown how a slab of wave-guiding material can be represented exactly as an impedance boundary. Conversely, the medium parameters and dimensions of the slab can be determined for realizing a given surface admittance Y s . The analysis is checked by simple nontrivial examples.
